Disappearance of virus from callus tissue has been observed by several workers 8,9,10,15) , but an explanation of the mechanism of this phenomenon is lacking. In the previous papers13,14) we described the fact that tobacco mosaic virus (TMV) was maintained at high concentration for many years in the compact tobacco callus, while TMV disappeared in the soft callus during successive transfers.
In order to elucidate why TMV concentration in the soft callus decreases so rapidly, some experiments on the infection, multiplication and subsequent movement of TMV in different type calli were carried out.
Materials and Methods
Tobacco callus tissue. Tobacco callus tissues raised from a stem of healthy tobacco plant (cv. Bright Yellow) were serially transferred for 80 generations in our laboratory.
The callus tissues much varied in their features were obtained during successive transfers under the conditions reported previously13). Characteristic features of the stock calli used in this experiment were as follows.
Callus HA: Dark green colored and compact callus which is composed of compactly arranged small cells.
Callus HB: The callus having green colored and compact peripheral tissue with translucent and soft inner tissue.
Peripheral tissue was composed of a mixture of compactly arranged small cells and loosely arranged large cells (Fig. 4 depth at the top of each block was inoculated by pricking 9 times with the needles dipping each time in the purified TMV suspension. In this case, TMV concentration of the inoculum was previously adjusted so as to produce 10 to 20 lesions on a half-leaf of N. glutinosa when 500-fold diluted suspension prepared from the inoculated segment was assayed just after inoculation.
Inoculation was made against top side of each block (Fig. 1) .
In the case of block HB, the compact top side was inoculated.
Some blocks were used soon after inoculation to assay initial TMV concentration at the segment 1.
The inoculated block was put aslant on a healthy soft callus at the inoculated side downward (Fig. 3) . The blocks slightly grew up in thickness during incubation period without showing significant elongation. At the end of each incubation period, the block was divided into three segments as shown in Fig. 1 and TMV concentration in each segment was bioassayed by the method reported previously13).
Electron microscopic observation. Small tissue samples from each block were fixed in 2.5% glutaraldehyde followed by 1% OsO4 for 2-3 hours respectively. After dehydration in alcohol series and n-butyl glycidyl ether, the tissues were embedded in Epon 812. Ultrathin sectioned specimens were stained with uranyl acetate (2%, 40-60min) and lead acetate (2%, 10-15min) and were observed under JEM 7A electron microscope. a) Relative TMV concentration in each segment as compared to that (1.0) in the inoculated segment just after inoculation.
were often observed near the tracheid-like cells (Fig. 4) , some sieve plate of which were perforated. Plasmodesmata also existed in high frequency in cell walls of callus HA, and some of them were branched (Fig. 7) . Neither sieve element nor plasmodesmata was found in the callus HC.
Discussion
When tobacco callus blocks were inoculated with TMV by means of needle pricking, the rates of infection and/or multiplication and velocity of translocation were much varied depending upon the types of callus.
With the block HA, which is compact in cell arrangement, high frequency of infection, rapid multiplication and movement of TMV inside callus blocks were observed (Table 1-HA) .
In this case, considerably high TMV concentration was detected even in the most distant segment at 10 days after inoculation, indicating that TMV was translocated and subsequently multiplied there.
Translocation velocity of the infectious unit of TMV in block HA was estimated 8mm during 10 days.
With soft callus, however, infection frequency was low and translocation velocity was less than 3mm during 30 days incubation period (Table 1- HB, HC) .
In intact plants, long-distance translocation of virus have been considered to occur through vascular tissues1, 5, 6, 16, 17) , and cell to cell movement through plasmodesmata3,4,12).
These consideration enhanced to reach to the assumption that rapid movement of TMV in the callus HA occured through tracheid-like cells (Fig. 4) and/or sieve elements (Fig. 6 ) and slow movement through plasmodesmata (Fig. 7) . The fact that TMV antigen localized around tracheid-like cells was frequently observed by fluorescent antibody method13) also supports the assumption mentioned above. In the previous paper14) we reported that TMV concentration in tobacco callus was maintained for many years under the condition to produce compact callus, but it rapidly decreased under the conditions to produce soft callus.
With regard to the mechanism of virus declination in tobacco callus tissue, the virus-free cells which have been reported by some workers to exist together with infected cells in the host tissue systemically infected with virus7,9,13) and to appear from the virus-infected cells during proliferation2, 10) seem to play fundamentally important role. In soft callus tissue, virus-free cells originally exist or newly proliferated from the infected cells will grow up into cell clusters escaping from new infection owing to the poor rate of infection and/or multiplication and very slow translocation of the virus. Repeated transfers of the soft callus tissue containing high population of the virusfree cell clusters possibly promoted the rapid decrease of virus concentration in the callus tissue.
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